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(54) HIGH STRENGTH STEEL SHEET EXCELLENT IN GAS CUTTING 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a high strength steel sheet capable of obtaining a 
good cut face free from the sticking of dross at the time of gas cutting. 
SOLUTION: The viscosity of a molten iron alloy \iFe at 1550°C is regulated to £6 cP, and the 
viscosity of molten oxide [iOx produced at the time of oxidizing the molten iron alloy at the 
same temp, is regulated to <150 cP. Furthermore, in the case elemental symbols in the 
following each formula denote each containing wt.%. of the same elements, the value of the 
following formula I is regulated to <4.3, the value of the following formula II is regulated to < 
4.6, and the value of the following formula III is regulated to 1 to 9: the formula 1=5-0.5-0.2 
(Si+Mn)-3.4P-8.5AI+Ti+1 .2Nb+0.3(Cr+Mo)+2.7 V, the formula 11=1 .8AI+1 .6Si+1 .7(Ti+Nb+V) 
+2.1Cr, and the formula lll=Mn/Si. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]A high intensity steel plate viscosity muOx of oxide melt generated when viscosity 

muFe of a molten iron alloy at 1550 ** oxidized a molten iron alloy at 6 or less cP and the 

temperature excelled [ steel plate ] in blowout nature which is 150 or less cP. 

[Claim 2]A high intensity steel plate in which a value of the following formula 1 excelled 

[ value / of 4.3 or less and the following formula 2 ] in blowout nature indicated to 4.6 or less 

and claim 1 whose values of the following formula 3 are 1-9 when the symbol of element in 

following each formula showed content weight % of the element. 

Formula 1=5-0.5C-0.2(Si+Mn)-3.4P-8.5 aluminum+Ti+1.2Nb+0.3(Cr+Mo)+2.7V type 

2=1. 8aluminum+1.6Si+1.7(Ti+Nb+V)+2.1Cr type 3=Mn/Si [Claim 3]At weight %, it is C. : 0.02 

to 0.30%, Si:0.01-3.00%, Mn:0.50-3.00%, P:0.15% or less, aluminum: A high intensity steel 

plate excellent in blowout nature indicated to claim 1 which contains 0.01 to 0.07% and 

consists of the remainder Fe and inevitable impurities, or 2. 

[Claim 4]Less than Ti:0.25%, Nb : 0.25% or less, B:0.005% or less, Cu: Less than 1.0%, less 
than nickel:0.5%, less than Cr:1.0%, Mo: A high intensity steel plate excellent in blowout 
nature indicated to claim 3 which contains one sort or two sorts or more from 0.6% or less and 
V:0.4% or less of inside. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which an invention belongs] This invention relates to the high intensity 

steel plate excellent in blowout nature. 

[0002] 

[Description of the Prior Art]ln recent years, in the auto industry, the high intensity steel plate is 
used from a viewpoint of safety reservation of the weight saving of the body and the crew 
member at the time of a collision for fuel consumption improvement. The greatest problem at 
the time of putting the steel plate of such high intensity in practical use is that cutting is very 
difficult. An increasingly difficult tendency has especially the application of the shearing method 
that uses the mechanical power in which it is used from the former in performing the cut 
processing at the time of removal of the point back end at the time of steel plate manufacture, 
or the blank manufacture by a user, and the drilling process to mold goods with high intensity- 
ization of a steel plate. Such a tendency is the same not only in the high intensity steel plate for 
cars but the high intensity steel plate for shipbuilding. 

[0003]As what is replaced with the shearing method, a groove has in material melting and the 
blowing-out method removed and cut with thermal energies (chemical reaction heat, arc heat, 
an electron, plasma beam heat, laser-beam heat, etc.). According to this method, unlike the 
shearing method, cutting of a high intensity thick material steel plate is possible. And it has 
many strong points -- curve-like cutting is easy and initial plant-and-equipment investment can 
be suppressed. 
[0004] 

[Problem(s) to be Solved by the Invention] However, by the blowing-out method, since dross 
(mixture of molten metal and oxide melt) adheres to a cut edge easily, the appearance of mold 
goods is spoiled remarkably, or when the exfoliation is difficult, removal of dross takes a 
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serious labor. When adhesion of this dross is remarkable, it becomes impossible at the time of 
closed contour cutting dissociating a cutting piece by re-welding. Even when adhesion of dross 
is slight, the fall of cutting accuracy is not avoided. For this reason, when applying the blowing- 
out method, prevention of dross adhesion is indispensable. 

[0005]About prevention of dross adhesion, although the improvement is tried by rationalizing 
blowout conditions, such as a kind of gas used at the time of blowout, an input calorie, and 
cutting speed, conventionally, the preventive measures from the field of a raw material have 
not come to be established. For this reason, under the present circumstances, Dros Flea at the 
time of blowout is not attained. 

[0006]This invention provides the high intensity steel plate which was made in view of this 
problem and does not have dross adhesion at the time of blowout and in which a good cutting 
plane is acquired. 
[0007] 

[Means for Solving the Problem]According to this invention persons' observation, in the case of 
blowout, since the blowout conditions are unsuitable, dross flows out of a front face of cutting 
into back or the side, without being discharged caudad, and dross adheres to a cut edge of a 
steel plate at the board rear face in order to solidify as it is, a surroundings lump and. 
Therefore, if secession nature from a board rear face is good even if it obtains with dross and 
flows into back or the side, it will be ****(ed) that the adhesion does not take place. 
[0008]Then, this invention persons pay their attention to viscosity considered to affect 
secession nature from a board rear face most, As a result of measuring viscosity in an 
elevated temperature about various oxides which will be generated at the time of various iron 
alloys and blowout and investigating a relation about them and dross adhesion nature, when 
both viscosity became below a specific value, the knowledge of dross adhesion not happening 
at all was carried out. As a result of analyzing the viscosity of a molten iron alloy and oxide 
melt, and a relation of each element in detail, in satisfying the below-mentioned formula 1 - the 
formula 3, said viscosity can be secured, and it finds out that dross adhesion can be prevented 
thoroughly, and completes the following invention. 

[0009]That is, an invention concerning claim 1 is a high intensity steel plate in which viscosity 

muOx of oxide melt generated when viscosity muFe of a molten iron alloy at 1550 ** oxidized a 

molten iron alloy at 6 or less cP and the temperature has the characteristic of 150 or less cP. 

[0010]An invention concerning claim 2 is a high intensity steel plate in which a value of 4.3 or 

less and the following formula 2 requires a value of the following formula 1 for 4.6 or less and 

claim 1 whose values of the following formula 3 are 1-9, when the symbol of element in 

following each formula shows content weight % of the element. 

Formula 1 =5-0.5C-0.2(Si+Mn)-3.4P-8.5 aluminum+Ti+1 .2Nb+0.3(Cr+Mo)+2.7V type 

2=1. 8aluminum+1.6Si+1.7(Ti+Nb+V)+2.1Cr type 3=Mn/Si [0011]An invention concerning claim 
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3 is weight %, and C:0.02 to 0.30%, Si: 0.01-3.00%, Mn:0.50-3.00%, P:0.15% or less, 
aluminum: It is the high intensity steel plate excellent in blowout nature indicated to claim 1 
which contains 0.01 to 0.07% and consists of the remainder Fe and inevitable impurities, or 2. 
[0012]Further an invention concerning claim 4 as an ingredient Less than Ti:0.25%. Nb: Less 
than 0.25%, B:0.005% or less, less than Cu:1.0%, less than nickel:0.5%, less than Cr:1.0%, 
Mo: It is the high intensity steel plate indicated to claim 3 which has one sort or two sorts or 
more from 0.6% or less and V:0.4% or less of inside. 

[0013]About viscosity muFe of said molten iron alloy, and viscosity muOx of oxide melt, if 
mueither one of muFe or Ox also exceeds said upper limit, viscosity of dross will go up and 
adhesion at the board rear face will come to occur. 

[0014]As a result of applying regression analysis in quest of relation between content weight of 
various constituent elements, and coating weight of dross, viscosity of a molten iron alloy, It is 
decided by a synthetic combination of an element to which the viscosity of fused iron is 
changed among various elements which form a steel plate, That muFe in 1550 ** will come to 
exceed 6cP if a value of said formula 1 exceeds 4.3, and adhesion of dross comes to occur, 
and viscosity of oxide melt, A synthetic thing of a high element of oxide organization potency 
for which viscosity muOx in 1 550 ** will also come to exceed 1 50cP, and adhesion of dross will 
come to generate it if it combines, and it can do and a value of a ball and said formula 2 
exceeds 4.6 became clear among various elements which form a steel plate, since a multiple 
oxide of a high-melting point becomes is easy to be generated also when the formula 3 in 
which oxide organization potency shows a ratio of high Mn and Si especially exceeds less than 
1 and 9, adhesion of dross occurs and translates too - it becomes. Content of each element in 
the formula 1 and the formula 2 is not indispensable, and when it contains, it means that the 
content is taken into consideration. 

[0015]Tensile strength a high intensity steel plate of this invention More than 60kgf /mm 2 . 
Especially a suitable ingredient of a high intensity steel plate which has the intensity more than 
80kgf /mm 2 although it is a thing more than 80kgf /mm 2 and an effect is large is as having 
indicated to claims 3 and 4, and explains a reason for ingredient limitation below. 
[0016]C:0.02 to 0.30%C is an important element which governs tensile strength of a steel 
plate, and in order to obtain martensitic structure, it needs at least 0.02% of addition. From a 
viewpoint of raising intensity, since [ many ] toughness and weldability will deteriorate 
remarkably if 0.30% is exceeded although it is moderate, the maximum is made into 0.30%. 
[0017]Si: 0.01 to 3.00%Si is an element indispensable as a deoxidizing element besides 
intensity reservation of a steel plate, and at least 0.01% is required to acquire the effect. On 
the other hand, the maximum is made into 3.00%, in order for generating of a scale in a hot 
rolling process to become remarkable and to degrade a surface disposition of a steel plate, if 
too large. 
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[0018]Mn: 0.50 to 3.00%Mn is an element indispensable for intensity reservation, and at least 
0.50% is required to acquire the effect. Since toughness and weldability will deteriorate 
remarkably if 3.00% is exceeded, the maximum is made into 3.00%. 
[0019]P:0.15%or less P makes a maximum 0.15% in order to check weldability, if it adds too 
much exceeding 0.15%. 

[0020]aluminum: As a deoxidizing element, 0.01%, although 0.01 to 0.07%aluminum is 
required, if 0.07% is exceeded, it will form an alumina cluster and the deoxidation effect is not 
only saturated, but it will degrade a surface disposition. 

[0021]Although a suitable ingredient of a high intensity steel plate concerning this invention 
consists of the remainder Fe and inevitable impurities besides the above-mentioned 
fundamental component, In order to raise the mechanical property of a steel plate furthermore, 
if needed Less than Ti:0.25%. Nb: Less than 0.25%, B:0.005% or less, less than Cu:1.0%, less 
than nickel:0.5%, less than Cr:1.0%, Mo: One sort or two sorts or more can be contained from 
0.6% or less and V:0.4% or less of inside. These elements have the operation which improves 
intensity and toughness of a steel plate. Since it will come to spoil toughness and weldability of 
a steel plate remarkably if a maximum of each elemental content is exceeded, it stops to 
content below each upper limit. 
[0022] 

[Example]Hot-rolling, pickling, cold rolling, and annealing were given to the slab of the 
presentation shown in Table 1, and the steel plate (board thickness: 2.0 mm) which has the 
tensile strength shown in the table was manufactured. About each steel plate, while measuring 
the viscosity of a molten iron alloy and oxide melt by the following measuring method, plasma 
cutting and laser cutting were performed by the following condition, and dross adhesion nature 
was investigated in the following way. Those results are combined with Table 1 and shown. 
[0023](1) The sample started from measuring method ** molten iron alloy each viscous steel 
plate was heated and fused at 1550 ** in inactive gas, and viscosity muFe of the molten iron 
alloy was measured by the crucible rotational-vibration method. When a crucible rotational- 
vibration method hangs and carries out rotational vibration of the container which filled the melt 
sample with a catenary, it is a thing using decreasing vibration gradually for the viscous 
resistance of the sample in a container, and is the method of measuring the logarithmic 
decrement and the oscillation period of this damped oscillation, and calculating the viscosity of 
a sample from these measured value. 
It is mainly used for measurement of hypoviscosity. 

[0024]** Heat melting of the sample started from the oxide melt steel plate was carried out to 
1550 ** in the atmosphere or oxygen enrichment atmosphere, it was oxidized enough, the 
oxide extracted at this time was reheated and fused at 1550 ** in inactive gas, and viscosity 



>://www4.ipdl.inpit.go.ip/cgi-bin/tran_web^ 2/27/2009 



JP,11-199984,A [DETAILED DESCRIPTION] 



Page 5 of 7 



muOx of oxide melt was measured with the rotating cylinder method. A rotating cylinder 
method is a method of rotating a cylinder with fixed angular velocity in a melt sample, 
measuring the angular moment by the viscosity which acts on a solid of revolution then, and 
calculating the viscosity of a sample from the measured value. 

[0025](2) Intercept method ** plasma cutting plasma cutting applied the exhaust air plasma 
process which uses air as working gas, and performed it by the cutting current 10A and cutting 
speed 0.1 m/min. 

[0026]** Laser cutting laser cutting was performed by the laser output 900W and cutting speed 
4 m/min, using carbon dioxide laser as a laser source. 

[0027](3) Polish removal of the dross adhering to the measuring method cut section both sides 
of the amount of dross adhesion was carried out, and the coating weight per 1 m of cut length 
was calculated from the weight differences before and behind the removal. 
[0028] 
[Table 1] 
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[0029]When sample No. 1-1 1 which are sample No. 21 , and 22 and the example which are 
comparative examples are compared from Table 1, it turns out that dross adhesion can be 
remarkably controlled only after viscosity muFe of a molten iron alloy is within the limits of this 
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invention, and the value of the formula 1 can attain the viscosity muFe or less by 4.3. It turns 
out that there is no adhesion of dross in a cut edge, and the outstanding blowout nature is 
obtained from No. 10 of the example of an invention, and other examples of an invention in the 
case of blowout as long as this invention is satisfied, even if an intercept method is different. 
[0030]lf No. 1-1 1 are compared with sample No. 23-26 which are a comparative example, 
Dross adhesion can be remarkably controlled only after viscosity muOx of oxide melt is within 
the limits of this invention, and it turns out that the value of the formula 3 can moreover attain 
the viscosity for the first time within the limits of 1-9 or less by 4.6 in the value of the formula 2. 
[0031] 

[Effect of the lnvention]Since the good cutting plane which does not have dross adhesion at 
the time of blowout is acquired according to the high intensity steel plate of this invention, steel 
plate manufacture or processing to a product configuration becomes easy, and improvement in 
large productivity or expansion of a product use can be aimed at. 



[Translation done.] 
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SIlCfftTSt. 

[ o o 2 3 ] (i) mvtmmm 

40 4 m *) ft L TzUm . ^vStt^'X cfT" 15 5 0 

[0024] ©igas^ft 
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t«L/-^M%lr^igtt^^*T"l 5 5 0°C£3JU 

[0025] (2) mwm 

vis * am l . mmfi i o a , «t so. i m mi 



n TfHfc. 

[0026] OV—f-flJBf 
V— If — KBrti V— T — 3i i: L-C&gg#xv~f-£ffl 
l\ I-— r— m^J 9 0 0W> tIBfjlg4m/min TIto 
!t. 

[00 27] (3) FnXf«icoi«SS 
^tSf^MI fctt# Lit F nx £STlg^£ L . ^col&Sro 

swasna^ fljBf^i mat o«o#^a^At. 

[0028] 
[*1] 
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[0030] ±tz. 2 3-2 6 1 

No. 1-11 £ Jt^S t . «IfiiSftft«ftft//Ox^*% 

5$ 3 cott# 1 - 9 coiEHft-eujtoTjifiSc-e^ 5 ; t ffib 
tel. 
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